This study was designed to investigate changes in contractile force, resting tension, and microsomal Ca 2+ uptake in isolated rat hearts perfused under conditions associated with reversible and irreversible stages of the calcium paradox phenomenon. Five minutes of reperfusion with normal medium containing 1.25 mM calcium after 5 minutes of Ca 2+ -free perfusion produced a marked rise in resting tension, no recovery of contractile force, and a 63% depression in microsomal Ca 2+ uptake. When reperfusion was carried out after 5 minutes of perfusion with 0.025 mM or greater concentrations of Ca 2+ , after less than 5 minutes of Ca 2+ -free exposure or after 5 minutes of varying degrees of hypothermic Ca 2+ -free perfusion, the increase in resting tension and decrease in contractile force development as well as microsomal Ca 2+ accumulation were either absent or reduced. Furthermore, reperfusion-induced increases in resting tension and decreases in microsomal Ca 2+ uptake also were found to be dependent on the duration of reperfusion as well as on the calcium concentration of the reperfusion medium. Microsomes isolated from control, Ca 2+ -free perfused or reperfused hearts were found to have similar phospholipid composition, protein profiles (SDS-polyacrylamide gel electrophoresis), and electron microscopic appearance. Whereas Ca 2+ -free perfusion alone had no effect on any of the parameters studied, reperfusion also depressed microsomal Ca 2+ -binding, Mg 2+ -ATPase, and Ca 2+stimulated ATPase activities. Changes in microsomal Ca 2+ uptake exhibited sigmoidal relationships with the ability of Ca 2+ -depleted hearts to recover their contractile force or increase their resting tension upon reperfusion. Our findings suggest that reperfusion-induced contracture and intracellular calcium overload may be associated in part with a defect in the ability of sarcoplasmic reticulum to regulate calcium.
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When reperfusion was carried out after 5 minutes of perfusion with 0.025 mM or greater concentrations of Ca 2+ , after less than 5 minutes of Ca 2+ -free exposure or after 5 minutes of varying degrees of hypothermic Ca 2+ -free perfusion, the increase in resting tension and decrease in contractile force development as well as microsomal Ca 2+ accumulation were either absent or reduced. Furthermore, reperfusion-induced increases in resting tension and decreases in microsomal Ca 2+ uptake also were found to be dependent on the duration of reperfusion as well as on the calcium concentration of the reperfusion medium. Microsomes isolated from control, Ca 2+ -free perfused or reperfused hearts were found to have similar phospholipid composition, protein profiles (SDS-polyacrylamide gel electrophoresis), and electron microscopic appearance. Whereas Ca 2+ -free perfusion alone had no effect on any of the parameters studied, reperfusion also depressed microsomal Ca 2+ -binding, Mg 2+ -ATPase, and Ca 2+stimulated ATPase activities. Changes in microsomal Ca 2+ uptake exhibited sigmoidal relationships with the ability of Ca 2+ -depleted hearts to recover their contractile force or increase their resting tension upon reperfusion. Our findings suggest that reperfusion-induced contracture and intracellular calcium overload may be associated in part with a defect in the ability of sarcoplasmic reticulum to regulate calcium. Circ Res 48: [17] [18] [19] [20] [21] [22] [23] [24] 1981 CALCIUM-FREE perfusion and subsequent reperfusion of isolated rat hearts are considered acceptable experimental models for studying the effects of intracellular calcium deficiency and overload, respectively (Yates and Dhalla, 1975; Alto and Dhalla, 1979) . The metabolic and structural changes associated with both intracellular calcium overload and deficiency have been investigated because these situations are believed to be related to the contractile failure and cardiac cell death seen in several pathological conditions (Fleckenstein et al., 1974; Holland and Olson, 1975; Dhalla, 1976; Dhalla et al., 1978; Hearse, 1977; Katz and Reuter, 1979) . Therefore, it seems crucial that the events leading to and arising from intracellular calcium overload be fully characterized. In this regard, earlier studies have revealed that perfusion of isolated hearts with Ca 2+ -free medium causes a rapid cessation of contractile activity with accompanying electromechanical dissociation and, after longer periods, damage to myocardial ultrastructure (Locke and Rosenheim, 1907; Muir, 1967; Tomlinson et al., 1974; Crevey et al., 1978; Singal et al., 1979) . The reintroduction of Ca 2+ , after a brief period of Ca 2+ deprivation, results in a series of deleterious structural, functional, and biochemical alterations, now termed the "calcium paradox" phenomenon (Zimmerman and Hulsmann, 1966; Zimmerman et al., 1967) . The structural derangements in this condition are disruption and swelling of cellular organelles, presence of contracture bands, extrusion of mitochondria, separation of intercalated discs and gap junctions, and distortion of the sarcolemma (Zimmerman et al., 1967; Yates and Dhalla, 1975; Holland and Olson, 1975; Alto et al., 1980; Singal et al., 1979) . Biochemical alterations include loss of intracellular enzymes and myoglobin, generalized impairment of sarcolemmal ATPases, increases in mitochondrial calcium transport, and a depression of myocardial high energy phosphate stores (Zimmerman and Hulsmann, 1966; Lee and Dhalla, 1976; Boink et al., 1976; Dhalla et al., 1976) . Recent reports from our laboratory have demonstrated that the degree of intracellular calcium overload, ultrastructural change, and contractile depression are dependent upon the duration of perfusion and the calcium concentration present, both before and during the reperfusion phase (Alto et al., 1980; Singal et al., 1979; Alto and Dhalla, 1979) . In VOL. 48, No. 1, JANUARY 1981 view of the importance of the sarcoplasmic reticulum with respect to myocardial calcium regulation and mechanical performance (Dhalla et al., 1977) , the present investigation was designed to study the changes in microsomal calcium accumulation associated with reversible and irreversible stages of the calcium paradox. The dependency of alterations in microsomal function on extracellular calcium, perfusion duration, and temperature have been determined in conjunction with measurements of contractile force and resting tension. It is pointed out that microsomal calcium uptake has been reported to decrease upon reperfusing Ca 2+ -deprived hearts with normal medium ; however, virtually no information is available concerning the significance of this alteration with respect to changes in the recovery of contractile force development and resting tension during the calcium paradox phenomenon.
Methods
Healthy male Sprague Dawley rats (300-400 g) were used throughout the study. The animals were killed by decapitation and their hearts excised and washed in ice-cold, oxygenated Krebs Henseleit (K-H) solution. After trimming of the atria, extraneous fat, and connective tissue, the ventricles were arranged for coronary perfusion according to the procedure of Langendorff as described previously Alto and Dhalla, 1979) . Equilibration perfusion was carried out for 15 minutes with K-H medium containing (in HIM); NaCl, 120; NaHC0 3> 25; KC1, 4.8; KH 2 PO 4 , 1.2; MgSO 4 , 1.25; CaCl 2 , 1.25; and glucose, 8.6 (pH 7.4). This solution was gassed^ continually with 95% O2 and 5% C0 2 and maintained at 37 °C with the exception of the hypothermia experiments. The osmolarity of solutions containing altered Ca 2+ concentrations was adjusted to normal values with appropriate amounts of sucrose. Coronary flow was 7.8 ml/min and the hearts were driven electrically at 280 beats/min. Contractile force was monitored on a Gilson polygraph recorder by means of a Grass FT.03 force displacement transducer. A resting tension of 2 g was applied upon starting the perfusion.
At the conclusion of each perfusion sequence, the heart was removed from the cannula, and sarcoplasmic reticulum (microsomal fraction) was isolated by differential centrifugation using the method of Harigaya and Schwartz (1969) as modified by Sulakhe and Dhalla (1971) . The final 40,000 g pellet was purified by extraction with 0.6 M KC1, thoroughly washed and suspended in 0.25 M sucrose 20 mM Tris-HCl (pH 6.8). The protein content was determined by the assay of Lowry et al. (1951) . Integrity and purity of the microsomal fractions were checked routinely according to criteria described in earlier reports (Sulakhe and Dhalla, 1971; Lee and Dhalla, 1976) . Endogenous calcium content of the microsomal frac-tion was determined by atomic absorption (Sulakhe and Dhalla, 1971) .
Calcium uptake (accumulation in the presence of 5.0 mM potassium oxalate at 37°C) and calcium binding (accumulation at 25 °C in the absence of potassium oxalate) activities were measured using the Millipore filtration technique (Sulakhe and Dhalla, 1971) . Briefly, microsomal membranes (0.03-0.06 mg/ml) were preincubated for 3 minutes in 100 mM KC1, 10 mM MgCl 2 , 4 mM ATP, and 20 mM Tris-HCl, pH 6.8. The reaction was initiated by the addition of 0.1 mM 45 CaCl 2 and terminated at the appropriate time by filtration. Total (0.1 mM CaCl 2 , 10 mM MgCl 2 ), basal (0.5 mM EGTA, 10 mM MgCl 2 ), and Ca 2+ -stimulated (total-basal) ATPase activities were determined in an incubation medium similar to that used for the uptake studies, except that the reaction was initiated by the addition of 4 mM ATP. Inorganic phosphate liberated into the protein-free filtrate was assayed by the procedure of Taussky and Shorr (1953) . Ouabain-sensitive Na + /K + ATPase activity in the presence of 1 mM ouabain was determined according to the method described earlier .
Electron microscopic (Zeiss EM95) examinations of control, Ca 2+ -free perfused and reperfused heart microsomes were accomplished by fixing the final 40,000 g pellets in 1% glutaraldehyde (Tomlinson et al., 1974; Yates and Dhalla, 1975) . The phospholipid composition of cardiac microsomes was measured by suspending 2 mg membrane protein in a 2:1 chloroformi methanol solution for the extraction of phospholipid (Folch et al., 1957) . The resultant lipid suspensions were purified, then spotted and run (two-directional) on thin layer chromatographic plates (Pumphrey, 1969) . Individual phospholipid spots then were developed and visualized under an ultraviolet light (Broekhuyse, 1968) , and the phospholipid phosphorus was measured according to the method of Bartlett (1959) . Microsomal protein constituents were determined by sodium dodecyl sulphate (SDS)-polyacrylamide gel electrophoresis by the method of Weber and Osborne (1969) . The resulting bands were scanned at 550 nm in a Unicam SP 1800 ultraviolet spectrophotometer. Molecular weights of the protein peaks were estimated by running known molecular weight standards under identical conditions. Statistical analysis of the data was carried out by using the Student's t-test, and a P value < 0.05 was taken to reflect a significant difference. Each experimental perfusion was matched with a control heart perfused for the appropriate duration with normal Ca 2+ -containing media.
Results
In the first series of experiments, an attempt was made to gain information regarding the critical Ca 2+ concentration of the preperfusion medium for induction of the calcium paradox. The hearts were perfused for 5 minutes with varying concentrations of calcium, followed by reperfusion for 5 minutes with normal (1.25 HIM) Ca 2+ -containing medium. The results with respect to changes in contractile force, resting tension, and microsomal calcium uptake are given in Table 1 . Perfusion with the altered Ca 2+ concentrations had no effect (P > 0.05) on microsomal Ca 2+ uptake per se, and as long as at least 0.1 mM Ca 2+ was present, reperfusion resulted in the complete recovery of contractile force with no accompanying change in resting tension or Ca 2+ uptake from control values. However, hearts reperfused after perfusion with 0.05 or 0.025 mM Ca 2+ recovered contractile force only partially, resting tension rose slightly (P < 0.05), and microsomal Ca 2+ uptake was significantly reduced. A more marked reperfusion-induced increase in resting tension and decrease in Ca 2+ uptake, along with no contractile force recovery, occurred in those hearts perfused with Ca 2+ -free solution for 5 minutes. Thus it is apparent that calcium paradoxic changes begin to appear in hearts perfused with 0.025 to 0.10 mM Ca 2+ . Similar results have been found in earlier studies dealing with functional, ultrastructural, and myocardial cation changes due to the calcium paradox (Crevey et al., 1978; Alto and Dhalla, 1979) .
The effects of different durations of Ca 2+ -free perfusion on reperfusion ion-triggered alterations were examined also, and the results are reported in Table 2 . Reperfusion with normal Ca 2+ after 1 minute of Ca 2+ -free exposure was associated with a complete return of control contractile force generation with no (P > 0.05) alteration in resting tension or microsomal Ca 2+ transport. Longer periods (2-4 minutes) of Ca 2+ -free perfusion were associated with only partial contractile force recovery, increased resting tension, and decreased Ca 2+ uptake activity, when Ca 2+ was reintroduced. Reperfusioninduced changes in resting tension and microsomal Ca 2+ uptake were enhanced in hearts perfused with 0 Ca 2+ for 5 or more minutes; under these conditions there was no recovery in contractile force. It appeared that the magnitude of change imposed upon cardiac contractile parameters and microsomal Ca 2+ transport due to reperfusion were related positively to the duration of Ca 2+ -free exposure. The presence of 0.5 mM EGTA in the Ca 2+ -free medium did not alter the time course of effects seen with Ca 2+ -free perfusion alone.
The next group of experiments was designed to characterize the microsomal fractions isolated from control, Ca 2+ -free, and reperfused hearts. Control hearts were perfused with normal K-H solution for 20-25 minutes. Ca 2+ -free hearts were perfused for 15 minutes with control solution followed by 5 minutes of Ca 2+ -free perfusion, while reperfused hearts represent Ca 2+ -free hearts which were reperfused with 1.25 mM Ca 2+ for 5 minutes. The results for Ca 2+ uptake by microsomes in the presence of different concentrations of total 45 CaCl 2 for 2 minutes are shown in Figure 1 . It is apparent that, regardless of the amount of Ca 2+ present in the incubation medium, reperfusion depressed Ca 2+ uptake by approximately 65-75%, whereas Ca 2+ -free perfusion had no significant effect (P > 0.05). Changes similar to those shown in Figure 1 also were observed when the incubation was carried out for 1, 5, or 10 minutes. Such differences in the calcium uptake activities of microsomes from control, Ca 2+ -free and reperfused hearts were obtained also when the incubation was carried out at different pH values (6.0-7.8) of the medium; optimal pH in each case was 6.8. Likewise, both ATP and Mg 2+ concentrations used in the incubation medium were optimal for microsomes obtained from control, Ca 2+ -free, and reperfused hearts. The measurements of calcium uptake by microsomes from control and experimental hearts at 15, 30, 60, 120, and 180 seconds revealed that the calcium uptake activities in these three preparations were linear during a 2-minute period of incubation. Furthermore, the initial rate of calcium uptake by microsomes from reperfused hearts was 60 to 70% lower than that of the control or Ca 2+ -free preparations (70-90 nmol/ mg per min). Both initial rates and capacities of calcium uptake by microsomes from reperfused hearts were depressed similarly when different concentrations of microsomal protein (0.2 to 0.8 mg/ ml) were employed in the incubation medium.
The phospholipid composition and protein profile of control, Ca 2+ -free, and reperfused heart microsomes also were examined. The experimental perfusions had no effect on total extracted phospholipid and, as can be seen from Table 3 , the relative amounts of each phospholipid moiety remained constant. Microsomes from control and experimental hearts were shown also to have similar protein patterns (Fig. 2) when analyzed by SDSpolyacrylamide gel electrophoresis. Although a detailed investigation was not performed, the results suggest that the 100,000 dalton peak, representative of the sarcoplasmic reticular Ca 2+ -pump ATPase (Jones et al., 1978) , was essentially unaffected. Electron microscopic examination of control, Ca 2+ -free, and reperfused heart microsomes revealed that the vesicular appearance of the membranes was similar in all preparations (results not shown). Furthermore, gross contamination by mitochondria and myofibrils was also absent.
Several other biochemical activities were measured in our microsomal preparations and these data are reported in Table 4 . Calcium binding was markedly (P < 0.05) depressed in reperfused heart microsomes only. When binding was measured in the presence of 5 MM NaN 3 the values were similar (P > 0.05) to those in the absence of azide. Since NaN 3 sensitive Ca 2+ -binding is considered a marker for mitochondria, the slight (12%) inhibition due to azide further suggests the lack of an appreciable amount of mitochondrial contamination. The measurement of cytochrome c oxidase activities (Sulakhe and Dhalla, 1971) in the control, Ca 2+ -free and reperfused preparations revealed 5 to 7% crosscontamination with mitochondrial subfragments in all of these preparations. In addition, the ouabainsensitive Na + /K + ATPase activity was almost negligible in control, Ca 2+ -free, and reperfused microsomes, an observation indicative of a minimal presence of sarcolemmal constituents. No attempt was made to rule out the possibility of latent ATPase as suggested by Jones et al. (1978) . Further extraction of the control, Ca 2+ -free, and reperfused preparations with 0.6 M KC1, which is considered to remove myofibrils, did not alter the calcium uptake activities of these preparations. Basal (Mg 2 +) ATPase and Ca 2+ -stimulated Mg 2+ -dependent ATPase activities were depressed (P < 0.05) in reperfused heart microsomes only. Finally, microsomal protein yield and endogenous calcium contents varied only slightly between preparations.
Calcium binding activities of the microsomal preparations were measured also at 30-, 60-, 120-, 180-, and 300-second intervals of incubation, and FIGURE 1 Calcium uptake activities at different calcium concentrations, of microsomes isolated from control, Co ?* -free, and reperfused rat hearts. Calcium concentrations in the figure represent the total calcium added to the incubation medium. Calcium uptake by microsomes was determined for a period of 2 minutes. Perfusion with Ca 2+ -free medium and reperfusion with medium containing 1.25 m\< Ca 2 * were carried out for 5 minutes each. The control hearts were perfused for 5 to 10 minutes with normal medium following a 15-minute period of equilibration. The results are mean ± SE of four experiments. M = control microsomes, D = Ca 2+ -free microsomes, and EB = reperfused microsomes. the results for the control microsomes were 15, 31, 35, 37, and 38 nmol Ca 2+ /mg protein (iV = 2). Whereas the values for calcium binding by microsomes from Ca 2+ -free hearts were not different from those of the control, 35 to 48% depression was seen in microsomes from reperfused hearts. The values for calcium-binding activities of the control and experimental preparations were not affected by the presence of ATP-regenerating systems such as 20 mM creatine phosphate and 0.53 /tg/ml creatine kinase or 10 mM phosphoenol pyruvate and 130 jug/ ml pyruvate kinase in the incubation mixture. The homogenization of ventricles from control, Ca 2+free, and reperfused hearts for 15,30, and 60 seconds in the Waring blender before isolating the microsomal fractions also did not affect the results. The preparation of microsomes by another method, as described by Lee and Dhalla (1976) , also revealed a 50% depression in calcium-binding activity (control value was 29 nmol Ca 2+ /mg protein per 5 min) and a 63% depression in calcium uptake activity Jones et al. (1978) .
(control value was 218 nmol Ca 2+ /mg protein per 5 min) in reperfused hearts, whereas the results with Ca 2+ -free hearts were not different from those for control hearts. The dependency of reperfusion-induced changes on the duration of reperfusion and the Ca 2+ concentration of the reperfusion medium was the subject of the next series of experiments. Figure 3 relates resting tension to microsomal Ca 2+ uptake in hearts reperfused with normal Ca 2+ for various times after 5 minutes of Ca 2+ -free perfusion. After 1 minute of reperfusion, an increase in resting tension and decrease in Ca 2+ accumulation were apparent (P < 0.05). Longer periods of reperfusion resulted in further decreases in Ca 2+ uptake activity, whereas resting tension tended to level off at approximately 65% of control total tension development. Five minutes of reperfusion with altered Ca 2+ concentrations after 5 minutes of Ca 2+ -free exposure resulted in an almost inverse relationship between Ca 2+ uptake and resting tension (Fig. 4 ). Both the increase in resting tension and decrease in Ca 2+ accumulation were found to be dependent upon the concentration of Ca 2+ in the reperfusion medium. It is emphasized that significant (P < 0.05) depression in microsomal Ca 2+ uptake occurred in hearts reperfused with 0.25 mM or greater concentrations of Ca 2+ . Hypothermia during Ca 2+ -free perfusion is known to protect the myocardium from reperfusion-induced damage and paradoxical calcium necrosis (Holland and Olson, 1975; Bulkley et al., 1978; Alto and Dhalla, 1979) . The results in Table 5 demonstrate that reperfusion after 5 minutes of Ca 2+ -free perfusion at 20°C allowed for the complete recovery of contractile force and preservation of control resting tension and microsomal Ca 2+ uptake. If the Ca 2+ -free solution was maintained at 25°C, normothermic (37°C) reperfusion produced significant inhibition of contractile force recovery and microsomal uptake. Increasing the temperature further resulted in the typical paradoxic changes seen in this study. As was the case in all the previous experiments, Ca 2+ -free perfusion even at 20°C, had no significant effect per se on Ca 2+ uptake activity, whereas contractile force was absent usually within 20 seconds.
Discussion
The inability of the isolated rat heart to recover contractile function when Ca 2+ is reintroduced after a brief period of Ca 2+ -free perfusion has intrigued investigators since the observation was first made by Hulsmann (1966, 1967) . The reperfusion-induced intracellular calcium overload which results (Alto and Dhalla, 1979 ) is believed to be due to an alteration in the ability of the myocardium to regulate the level of intracellular calcium. Such an alteration may be due partly to a defect in the cardiac sarcoplasmic reticulum, which is considered to be intimately involved in intracellular Ca 2+ homeostasis (Dhalla et al., 1977) . This viewpoint is supported by the results of the present study as well as earlier observations indicating that reperfusion of Ca 2+ -deprived hearts produces a defect in microsomal Ca 2+ uptake and binding. These microsomal changes were not seen in hearts perfused with Ca 2+ -free media alone, and were not due to major contamination by other subcellular structures. Furthermore, the results are not likely to be due to artifacts of the isolation procedure or differences in assay conditions. The depression in Ca 2+ accumulation cannot be attributed to gross changes in the protein pattern or phospholipid composition of reperfused heart microsomes. While the possibility exists that subtle changes in membrane composition may contribute to the depressed activity, an analysis of this was limited by the techniques employed in the present study. The ultrastructural appearance of microsomal membranes which demonstrated impaired Ca 2+ transport was also not different from control, in spite of the swelling seen in the sarcoplasmic reticulum when reperfused hearts were examined under the electron microscope (Yates and Dhalla, 1975; Holland and Olson, 1975) . Depressed Ca 2+ uptake most likely is due to the decreased activity of the sarcoplasmic reticular Ca 2+ -pump ATPase, although it should be noted that the 100,000 dalton protein peak, considered to represent Ca 2+ -stimulated ATPase (Jones et al., 1978) , was essentially unaltered in reperfused heart microsomes. The degree of depressed ATPase activity, however, was greater than the loss of Ca 2+ accumulation. Since this study was not designed to investigate the stoichiometric relationship, due to low Ca 2+ -stimulated and high basal ATPase activities of rat heart microsomes, further interpretation must await future studies employing other experimental models. Inasmuch as marked changes in reperfused heart microsomal membranes could not be demonstrated, the results suggest that conformational alterations in the sarcoplasmic reticulum, in addition to inactivation of Ca 2+ ATPase or its uncoupling upon reperfusion, may be responsible for the impairment of active Ca 2+ accumulation by the isolated microsomal fractions.
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FIGURE 5 Relationship of changes in microsomal calcium uptake with the ability of heart to recover its contractile force as well as the increase in resting tension. The data for these plots are taken from Tables 1, 2, and 5. ditions where the loss of contractile force was partially reversible due to reperfusion. According to the current state of the excitation-contraction coupling hypothesis, depolarization of the sarcolemma induces (either directly or indirectly via trigger Ca 2+ ) the sarcoplasmic reticulum to release its Ca 2+ stores and, along with transsarcolemmal Ca 2+ -influx, to raise the cytosolic Ca 2+ concentration from approximately 10"' to 10~5 M and activate the contractile proteins. Accordingly, it would seem likely that a defect in sarcoplasmic reticular Ca 2+ uptake would decrease the stores, making less Ca 2+ available for release upon excitation of the myocardium, and this would be translated into an impairment of contractile force development. Some information regarding this point can be gained from a relationship between changes in contractile force and microsomal calcium uptake under the experimental conditions employed in this study by plotting data from Tables 1, 2, and 5. It can be seen from Figure  5 that the recovery of contractile force begins to decline when a decrease of about 20% in microsomal calcium uptake is evident, whereas a complete loss of contractile force recovery is seen when calcium uptake decreases by about 60%. The relationship between these parameters is sigmoidal in nature and the linear portion of the curve had a regression coefficient of 0.87. These data thus point out the major role played by the sarcoplasmic reticulum in the reperfusion phenomenon and the reversibility of calcium paradoxic hearts. A plot of data from Tables 1, 2, and 5 also shows a sigmoidal relationship between increases in resting tension and changes in microsomal calcium uptake ( Fig. 5) and it is evident that resting tension begins to rise when the calcium uptake is depressed by about 35%, whereas resting tension reaches its maximum when calcium uptake is decreased by about 60%. Although an inverse relationship between microsomal calcium uptake and resting tension was also evident when the Ca-depleted hearts were reperfused with medium containing different concentrations of calcium ( Fig. 4) , changes in resting tension in this situation were found to precede changes in calcium uptake. Such a conclusion also can be drawn from experiments in which Ca-depleted hearts were reperfused for different intervals (Fig. 3) . Thus the VOL. 48, No. 1, JANUARY 1981 role of impaired sarcoplasmic reticular calcium transport in resetting myocardial resting tension is not straightforward in the light of data obtained in this study. Several factors, including increased sarcolemmal calcium permeability and subsequent intracellular calcium overload (Alto and Dhalla, 1979) , increased mitochondrial calcium uptake , depletion of ATP (Boink et al., 1976) , and possibly altered state of contractile and regulatory proteins also may be contributing to changing the myocardial resting tension due to Ca 2+ paradox phenomenon. When the data in this study were examined in the light of our previous results on changes in myocardial calcium contents (Alto and Dhalla, 1979) , it became apparent that the observed changes in microsomal calcium transport occurred secondary to Ca 2+ overload, and thus it was not unusual to observe an increase in resting tension before detecting changes in microsomal calcium uptake in some experiments. Thus these alterations seem to play a crucial role in the inability of the heart to recover its contractile force and may contribute in increasing resting tension upon reperfusion of Ca 2+ -deprived hearts. This view is consistent with the involvement of intracellular calcium overload in the genesis of heart failure in certain types of experimental models (Dhalla, 1976; Dhalla et al., 1978) .
